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Irritable bowel syndrome (IBS) is a common gastrointestinal disorder in which bowel function is altered (diarrhoea or constipation) in association with abdominal pain or discomfort. The worldwide prevalence among adults exceeds 10% [1] . Symptoms occur in up to 50% of patients referred to gastroenterology clinics [2, 3] . The age at onset varies, with the peak in the third and fourth decades of life. The disorder has a female predominance (2:1 ratio). According to the commonly accepted definition, no mechanical, biochemical, or overt inflammatory condition explains the presence of symptoms [1] . Therefore, the diagnosis of the irritable bowel syndrome is based solely on individual complaints in the absence of "alarm" symptoms (pain or diarrhoea that awakens/interferes with sleep, visible or occult blood in stool, weight loss, fever, abnormal physical examination) and exclusion of obvious organic diseases and structural alterations [4] [5] [6] .
The pathogenesis of the irritable bowel syndrome remains unsolved since mechanisms leading to alteration of the gut function related to particular symptoms are unclear. The main gastrointestinal sensory-motor dysfunction in irritable bowel syndrome is consistent with an up-regulation in neural processing between the gut and the brain (brain-gut axis) and results in alterations in gut motility, secretion, and visceral sensation. There is also an increasing acceptance that the central nervous system, an important component of the brain-gut axis, plays an important role in development of symptoms in the response to stress as an effect underlying affective disorder [7] . The autonomic nervous system mediates brain-gut interactions. Serotonin, a key mediator of gut motility, secretion, and sensation, has been found to mediate this bi-directional brain-gut communication [8] , but studies have shown that cholecystokinin and ghrelin are also involved in gut-brain signalling [9, 10] . Since 1928, when Bockus suggested that imbalance of the autonomic nervous system was responsible for IBS, attention has been focused on the dysfunction of the autonomic nervous system (ANS) [11] [12] [13] [14] [15] [16] . The aim of this study was to evaluate changes in ANS activity and its correlation with gastric myoelectric activity in constipation-predominant IBS patients.
Material and Methods
Thirty patients (18 women, 12 men; 42.2±14 yrs) with constipation-predominant IBS (IBS-C) and 30 healthy volunteers (19 women, 11 men, 38.9±11.6 yrs) were included in the study (Table 1) . To diagnose patients with the constipation-predominant form of IBS, Rome III criteria were used [4] . We excluded patients with diabetes mellitus, obesity (defined according to WHO as BMI >30 kg/m 2 ), alcoholism, cardiovascular (hypertension, coronary artery disease, valvular heart disease, cardiac arrhythmias) and neurological diseases, medications possibly interfering with heart rate variability measurement, gastrointestinal pathology (e.g., inflammatory bowel disease) or surgery, renal, or gynecological pathology that might have resulted in IBS symptoms (e.g., bowel resection, endometriosis). We also excluded patients taking specific medications for IBS on a regular basis (e.g., antidiarrheals, laxatives, antispasmodic agents, tricyclic antidepressants, serotonin-3-receptor antagonists or serotonin-4-receptor agonists, 3 or more times a week).
All participants involved in the study were informed about examinations to be carried out and they all gave their consent in writing to all examinations. The study was approved by the Jagiellonian University Bioethics Commission.
All studies were performed in the Department of Pathophysiology of Jagiellonian University Medical College. After overnight fasting, autonomic activity assessed by HRV with a Task Force Monitor 3041 (CNSystems, Austria) and gastric myoelectric activity recorded using a 4-channel electrogastrography (EGG) recorder (Medtronic, USA) in basal conditions and after a standard meal 30 minutes each (Nutridrink 300 kcal, Nutricia, Poland) were measured simultaneously in both groups. In the HRV recording, the frequency domain analysis parameters: LF -power of spectra of low 0.04-0.15Hz frequency; HF -power of spectra of high 0.15-0.4Hz frequency; based on the fast Fourier transformation (FFT) were calculated. In the electrogastrography analysis the following parameters were evaluated: dominant frequency (DF); dominant power of dominant frequency (DP); percentage of normo-, brady-and tachygastria (0.5-2 cpm -bradygastria; 2-4 cpm -normogastria; 4.0-9.0 cpm -tachygastria), percentage of dysrhythmia and arrhythmia time; and percentage of slowwave coupling between channels 3-4 (%SWC).
HRV recording in resting conditions was followed by the deep breathing test (DBT), which lasted 5 minutes. Apart from registering HRV, E/I (ratio of the longest and the shortest RR period during the test), DBD (deep breathing difference, the difference between the maximum and minimal heart rate during the test) and RSA amplitude (respiratory sinus arrhythmia, the difference in the heart rate at the end of exhalation and at the end of the inhalation) values were determined.
The tilt test was conducted by picking a patient up passively on a bed equipped with a electro-hydraulic servomotor with a 60° slope, in which position the patient stayed in through 5 minutes, and afterwards he returned to the horizontal position [17] . A bisectional electro-hydraulic tilt table (Manumed, Enraf Nonius, Netherlands) was used.
During the Valsalva manoeuvre, the patient being examined, after the previous rest, exhaled air into the mouthpiece of the manometer for 15 seconds, causing the pylon of mercury to reach the value of 40 mmHg. During the entire attempt, a permanent registration of the electrocardiography and the arterial pressure was conducted.
The hand grip test performed for 5 minutes, in which an examined person was gripping the dynamometer with a power of 30% of maximum strength of the contraction of the hand achieved before the attempt. Blood pressure was measured continuously during the test. In the examination we determine the difference between the value of the diastolic blood pressure after finishing the contraction, and value before beginning the test [18] , using a manual hydraulic dynamometer (Jamar, Preston, USA).
Fasting plasma hormone levels were measured in both groups. Blood samples were stored at 2-8°C until centrifuged to separate the plasma within 2 hours after blood collection (at 3800g at 8°C for 10 minutes). The supernatant was aspirated and stored from 6 h to 1 month at -20°C until analysis. Analyses of plasma adrenaline and noradrenaline concentrations were performed with Adrenaline and Noradrenaline ELISA kit (CatCombi ELISA, IBL, Germany, test sensitivity 20 pg/ml) for automated systems. Analysis of plasma ghrelin concentration was performed with Human Unacylated Ghrelin ELISA (BioVendor, USA, test sensitivity 0.2 pg/ml) for automated systems. Analysis of plasma insulin concentration was performed with the INS-EASIA kit (BioSource Europe S.A., Belgium, test sensitivity 0.17 µIU/ml) for automated systems. Analysis of cholecystokinin (CCK) was performed with the ELISA kit (Bender MedSystems, Austria, test sensitivity 1.65 ng/ml) for automated systems. All analyses were performed according to suppliers' instructions. Absorption readout was done using a PowerWave ELx800 reader (BioTek, USA) with a 450 nm wave length. Substance concentration value was read off from the curve delineated for hormone concentration standards expressed in appropriate units. Assays were done in duplicates.
Numerical data are given as the arithmetic means and standard deviations (x ±SD). Statistical analysis was carried out with the help of the statistical package STATISTICA 8.0 for Windows (StatSoft Inc., Tulsa, Oklahoma, USA). In calculations, a parametric test was applied for comparing value of average findings for patients and persons from the control group. We used model IV, which is a test in which statistics (test function) 'Z' have normal distribution, and critical values were read off from boards. In case of lack of normal distribution, the III model of the same test, with CochranCox 'C' statistics, was used, for which critical values were enumerated, not read out from boards. The hypotheses in this case had the form: null hypothesis H0: m 1=m 2, against the alternative hypothesis H1: m 1 ≠ m 2. Statistical significance was set at p<0.05. Assessment of interdependence was made with the help of Pearson correlation. The correlation between HRV parameters, EGG parameters and plasma catecholamine was evaluated by analyzing the relationship between HRV power spectral parameters (LF, ln LF, HF, ln HF) and plasma catecholamine levels (adrenaline, noradrenaline), as well as EGG parameters (percent of dysrhythmias, DF, DP, SWC) and plasma catecholamine levels. In DB test HF value was lower than in resting conditions with autonomic balance shifted towards LF value. LF/HF-RRI increased in both groups (Table 3) . Table 2 . Resting heart rate variability parameters.
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RRI -RR interval; LFnu-RRI -normalises units low frequency;
HFnu-RRI -normalised units high frequency; VLF-RRI -heart rate variability -VLF (very low frequency); LF-RRI -heart rate variability -LF (low frequency); HF-RRI -heart rate variability -HF (high frequency); PSD-RRI -power spectral density; LF/HF-RRI -LF/HF ratio. Table 3 . Heart rate variability parameters in deep breathing test.
HRV parameters Deep breathing test Patients Controls
RRI -RR interval; LFnu-RRI -normalises units low frequency; HFnu-RRI -normalised units high frequency; VLF-RRI -heart rate variability -VLF (very low frequency); LF-RRI -heart rate variability -LF (low frequency); HF-RRI -heart rate variability -HF (high frequency); PSD-RRI -power spectral density; LF/HF-RRI -LF/HF ratio.
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Analyses of ANS activity indices revealed abnormal value of 30/15 ratio in the patient group (p<0.05) indicating parasympathetic dysfunction ( Table 4 . Autonomic nervous system activity indices.
E/I -inspiratory to expiratory ratio of the longest and the shortest RR interval; DBD -deep breathing difference; VR -valsalva ratio; BP -blood pressure.
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discussion
Irritable bowel syndrome is characterized by pain in the abdominal cavity and irregularities in defecation. At present the main mechanism behind IBS is considered to be dysfunction of the brain-gut axis associated with disturbed motor activity of the digestive tract, visceral hypersensitivity and disturbed neuroimmunologic response of the intestines [19] .
In 1928 a hypothesis was proposed that dysfunction of the autonomic nervous system could contribute to the manifestations observed in the course of IBS [11] . The ANS mediates communication between the brain and the digestive tract, and modulates and coordinates motor, secretory and immunologic functions of the digestive tract [20, 21] . Increased sympathetic and decreased parasympathetic activity is an essential element of the body's response to stress. Stress and affective states cause sympathetic activation and therefore subsequent IBS manifestations [22] . Iovino et al. showed that activation of the sympathetic nervous system increased perception of intestinal wall stretching, which could explain the frequent complaints of pain and feeling of inflating intestines reported by IBS patients [23] .
In recent years examinations estimating relations between the ANS activity and myoelectric activity of the stomach in IBS patients have not been conducted. HRV measurements and functional tests allowed us to demonstrate increased activation of the sympathetic part of the ANS and disturbed parasympathetic function in IBS-C patients, which is confirmed by Aggarwal et al, who described the presence parasympathetic dysfunction in IBS-C patients [15] . In our own examinations, HRV analysis in the DB test pointed to the dysfunction of the parasympathetic part of the ANS. Other researchers have observed low parasympathetic activity in the DB test, weakened sympathetic reply in the tilt test [24] and reduced parasympathetic response to stimulation with deep breathing in IBS-C patients [25] . We demonstrated abnormal results of the tilt test. Sympathetic predominance in the tilt test in IBS patients was also described in other studies [26, 27] . Increased sympathetic activity was observed in women with IBS-C, and the diarrheal variant was associated with the opposite effect [28] . In a more recent survey, increased parasympathetic influences and reduced sympathetic/parasympathetic balance were observed in the diarrheal IBS form compared to constipation-predominant IBS [29] . However, a study done by Robert et al showed no difference in the autonomic activity between constipationand diarrhoea-predominant IBS forms [30] ; therefore, the authors proposed the hypothesis that there is a continuum of autonomous dysfunction in particular IBS subgroups. Recently, the degree of ANS dysfunction in IBS patients in terms of amount of increased sympathetic activity was confirmed by estimating blood flow in the finger tip by means of laser Doppler flowmetry [31] .
In all examinations mentioned above, researchers used autonomic activity tests only. In order to confirm our results obtained in the ANS examinations plasma catecholamines concentrations were measured. The increased sympathetic activity was confirmed by the increased plasma catecholamines concentrations. Esler and Goulston demonstrated an increased urine adrenaline concentration in patients with diarrheal-form IBS [32] , and Heitkemper et al showed increased level of catecholamines and cortisol in urine in the course of IBS, but in this latter study only women were examined [33] .
In IBS, disorders of the motor activity are observed on different levels of the gut, from the stomach to the colon. Regulatory peptides such as VIP, CCK or motilin influence the motor activity of the digestive tract. CCK participates in signal transduction in the brain-gut axis through the primary afferent fibres of the vagal nerve, and the same fibres probably demonstrate the expression of receptors for ghrelin [34] . Ghrelin stimulates the motor activity of the digestive tract, triggering MMC and fastening stomach emptying [35] . Apart from the vagal nerve, receptors for ghrelin can be found in the digestive tract muscular layer and in the CNS [35] . Depending on the place of release, regulatory peptides can act as hormones, neurotransmitters or neuromodulators, and therefore they can play an important role in the pathogenesis of IBS manifestations such as abdominal pain, diarrhoea and constipation [36] .
In the presented study decreased plasma ghrelin and CCK concentrations were noted. Meanwhile, Sjolund et al observed abnormally prolonged cholecystokinin secretion in response to the fat-rich test meal in IBS patients [37] . Mangel et al stated that the CCK application in healthy people can weaken colon motor activity, but it does not trigger the same effect in IBS-C patients [38] . The role of ghrelin in IBS pathology was studied by El-Salhy et al. [39] , who did not observe differences in the plasma ghrelin activity in comparison to the control group, but examining the density of cells having receptors for ghrelin in the stomach and the duodenum they stated that it was reduced in constipation-predominant IBS, and increased in the diarrheal form. Researchers explained that in order to compensate for increased or reduced density of ghrelin cells, the synthesis and release of ghrelin may be reduced in the diarrheal form and increased in the constipation form. With time this mechanism can run out, with subsequent increase in the synthesis and release of ghrelin in the diarrheal form and reduction in the constipation form, and it is responsible for manifestations dominating in particular IBS subtypes. 
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Abnormal, reduced plasma CCK and ghrelin concentration in IBS-C patients may impair functioning of the braingut axis and underlie disorders of the motor activity of the stomach, confirmed in the electrogastrography recordings.
IBS is associated with behavioural factors, and stress is an element in the pathogenesis of IBS manifestations. IBS patient subgroups differ in the awareness and intensity of somatic and psychological manifestations, with greater intensity of concerns appearing in constipation-predominant IBS [40] . Stress is associated with increased cortisol concentration, which results in insulin resistance with hyperinsulinemia [41] [42] [43] , and insulin is a crucial factor activating the sympathetic part of the ANS [44] . Our results show a significantly increased insulin level in IBS-C patients.
Eriksson et al measured C peptide concentration, which is known to correspond with the concentration of secreted insulin. Concentration of C peptide was slightly lower compared to the diarrheal form, yet higher than in the control group [40] . In the same study patients had increased concentration of cortisol compared to the diarrheal form and the control group, which shows the role of stress in triggering hyperinsulinemia and sympathetic activation [40] . Hyperinsulinemia in IBS-C patients not only can explain sympathetic overactivity, it may also explain the decrease in the motor activity of the stomach and intestines.
Finding a link between potential myoelectrical activity disorders and ANS dysfunction was the basic aim of this work. EGG can vicariously detect disorders of the motor activity of the stomach in IBS patients. In some examinations an increased tachygastria percentage was demonstrated, while reduced postprandial activity was found in others [45, 46] . EGG recording disturbances were observed in patients with coexisting functional dyspepsia [45] , but in a 24-hour recording other researchers were able to register reduced tachygastria percentage [47] . A characteristic reduction of the dominant power was also observed, suggesting that electrogastrography could be an additional diagnostic method in distinguishing IBS and functional dyspepsia.
Our own results clearly show smaller normogastria percentage in the patients group in fasting conditions, not increasing significantly after a meal. Fasting DP value was lower in the patients group, but it increased in the postprandial period. van de Vort et al observed the lack of postprandial EGG amplitude increase highly correlating with delayed emptying of the stomach [48] . In our own work, patients had significantly lower percentage of slow wave coupling (SWC), both in average value as well as for individual pairs of channels, which attests to the disturbed propagation of slow waves in the stomach. Moreover, the SWC percentage stayed in the opposite relation with the plasma catecholamines concentrations. SWC is a good indicator of the pace of stomach emptying. Low SWC values may be associated with delayed stomach emptying [49] and gastroparesis in IBS patients is associated with disorders of small intestine motor activity [50] . Observations carried out prove DP value and%SWC to be measurable indicators of stomach motor activity disorders.
Disorders of the GMA described in our study may result from the lack of the sympathetic-parasympathetic balance. Increased plasma catecholamines and insulin concentrations confirm the existence of the dysfunction of the ANS.
Current pathophysiological IBS models combine the influence of the central nervous system with the activity of the intestinal and autonomous nervous systems. Disorders of the ANS can influence myoelectrical activity, motor activity of the digestive tract, resting muscle tone and pain conducting. Within the brain-gut axis, the central sympathetic influence is most probably responsible for disorders of the stomach myoelectrical activity in IBS patients, both in fasting and postprandial conditions, causing delayed emptying of the stomach and dyspeptic complaints.
conclusions
Based on results of different examinations conducted in our study, it appears that sympathetic overactivity and parasympathetic dysfunction are associated with constipation-predominant IBS. ANS activity measurement with HRV and functional tests was a valuable method of autonomic balance assessment. Autonomic balance can be directly connected with enteric nervous system activity. Results were confirmed with biochemical tests. However, further research on the association of the heart and gastro-enteric autonomic activity is necessary; examinations of the autonomic nervous system activity cannot be treated as the only diagnostic tool in patients with irritable bowel syndrome.
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